TITLE OF INVENTION 

FUEL CELL AND METHOD OF CONTROLLING THE SAME 

FIELD OF THE INVENTION 

The present Invention relates to a fuel cell using a proton 
conductor as an electrolyte and a method of controlling the fuel 
cell. 

BACKGROUND OF THE INVENTION 
Description of Related Art 

Fuel cells are expected to spread widely as a power source 
for automobile and domestic uses. Depending on the kinds of 
electrolyte, various fuel cells are under investigation, however, 
phosphoric acid type fuel cells and polymer solid electrolyte 
type fuel cells are typical examples as those using a proton 
conductor as an electrolyte. Particularly, polymer solid 
electrolyte type fuel cells, due to the fact that they are light 
in weight, small In size, and operable even at lower temperatures, 
are paid to attention as a power source for electric automobiles . 

In a fuel cell using a proton conductor as an electrolyte, 
fuel such as hydrogen , methanol or the like is fed to a fuel electrode 
to be oxidized at an anode or a fuel electrode, thereby to produce 
electrons and protons. Protons pass through a proton conductor 
that acts as an electrolyte and reach a cathode as an oxidizer 
electrode at a counter position to react with oxygen and electrons 
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to produce water which are fed to the oxidizer electrode directly 
and by way of an external load from the fuel electrode , respectively, 
an electron fed through outer load from the fuel electrode. In 
this procedure, a voltage corresponding to free energy change 
in producing the water by reaction of the oxygen with the used 
fuel is generated as a maximum voltage between the fuel electrode 
and the oxidizer electrode • Such a voltage Is derived , as electrical 
energy, to the outside. 

The above description can meet an ideal fuel cell operation, 
however, in actual fuel cells, in relation to the fuel cell 
operation various phenomena or problems can be seen such as lowering 
of the fuel cell efficiency and material deterioration of the 
components . As one of these problems , the problem can be highlighted 
which lies in gas permeability of the ion exchange membranes as 
proton conductor. Ideally, It is desired that the proton conductor 
allows only protons to permeate but inhibits fully hydrogen gas 
as fuel gas and oxygen gas as oxidizing agent to permeate. However, 
significant amounts of gas permeation are found in the ion exchange 
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membranes which are In current use . 

With gas permeation, the gases are mixed to reduce or drop 
cell voltage . Further , the reaction of the permeated gases buns 
the Ion exchange membrane to form holes therein undesirably* In 
the worst case, the fuel cell may become Inoperable or may be 
brought Into malfunction. 

Regarding the gas permeation, two types can be found, one 
Is that the hydrogen permeates the membrane to reach the cathode 
side t the other is that the oxygen permeates the membrane to reach 
to the anode side* 

Japanese Patent Laid-open Publication Hei. 6 ( 1994AD) -103992 
discloses a polymer solid electrolyte type fuel cell whose objects 
are to make It possible to prevent a cell voltage decrease due 
to a gas permeating through an Ion exchange membrane and to make 
it possible to employ an Inexpensive hydrocarbon -based ion 
exchange membrane as an ion change membrane. For accomplishing 
the objects, in the polymer solid electrolyte type fuel cell, 
a catalyst layer is formed in an ion exchange membrane so as to 
be electrically Isolated from both anode and cathode electrodes . 

The fuel cell disclosed in the above-mentioned Japanese 
Publication teaches that hydrogen permeating through an anode 
toward the counter electrode side and oxygen permeating through 
a cathode are consumed by mutually reacting in a catalyst layer 
placed perpendicular to the permeation direction of a gas in an 
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Ion exchange membrane to form water, and thereby, permeation of 
a gas decreases to suppress decrease In cell voltage. 

The catalyst layer placed In an Ion exchange membrane Is the 
to have an effect of converting a radial generated mainly by a 
cathode reaction Into an Inactive substance to protect an Ion 
exchange membrane, and have an effect of enabling application 
of a hydrocarbon -based Ion exchange membrane generally believed 
to be weak against radicals. 

However, In this method, only when the stolohlometrloal ratio 
of hydrogen permeating through an anode as a fuel electrode to 
oxygen permeating through a cathode as an oxidizer electrode Is 
2:1, both gases are completely consumed In a catalyst layer In 
an Ion exchange membrane, however. In the case of gas permeation 
at stolohlometrloal ratio other than this. It Is apparent that 
there Is a problem that a gas of larger permeation amount Is not 
completely consumed and reaches as It Is the counter electrode 
side. Further, according to out study. It Is apparent that, even 
In the case of reaction of hydrogen and oxygen on a platinum catalyst , 
when the potential of a platinum catalyst Is lower than certain 
level, a radical Is generated, and even If- a platinum catalyst 
layer Is placed In an Ion exchange membrane , a radical Is generated 
to deteriorate a membrane depending on the potential of the 
above-mentioned platinum catalyst layer. In addition to reaction 
of hydrogen and oxygen to produce water. 
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SUMMARY OF THE INVENTION 

The present Invention has been made ±n view of the 
above-mentioned problems and a first aspect of the present 
Invention Is to provide a fuel cell which comprlsles ; an electrolyte 
made of a proton conductor, a fuel electrode provided on one side 
of the electrolyte, an oxidizer electrode provided on another 
side of the electrolyte, at least one Internal electrode provided 
In the electrolyte, and voltage application means for applying 
voltage to the at least Internal electrode. 

A second aspect of the present Invention Is to provide a fuel 
cell whose gist Is to modify the structure of the first aspect, 
wherein the voltage application means Is a means for connecting 
a power source between the at least Internal electrode and one 
of the fuel electrode and the oxidizer electrode* 

A third aspect of the present Invention Is to provide a fuel 
cell whose gist Is to modify the structure of the first aspect, 
wherein the voltage application means Is a means for connecting, 
by way of one of a conductive member and a load, between the at 
least Internal electrode and one of the fuel electrode and the 
oxidizer electrode. 

A fourth aspect of the present Invention Is to provide a fuel 
cell whose gist Is to modify the structure of the first aspect, 
wherein the Internal electrode Is layered structure. 

A fifth aspect of the present Invention Is to provide a fuel 
cell whose gist Is to modify the structure of the first aspect. 
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wherein the electrolyte Is an Ion exchange membrane. 

A sixth aspect of the present Invention Is to provide a fuel 
cell whose gist Is to modify the structure of the first aspect, 
wherein hydrogen or methanol Is used as a fuel. 

A seventh aspect of the present Invention Is to prove a method 
of controlling a fuel cell having an electrolyte made of a proton 
conductor , a fuel electrode provided on one side of the electrolyte r 
and an oxidizer electrode provided on another side of the 
electrolyte , the method comprising a step of controlling a movement 
of a fuel or oxidizer permeated In the electrolyte by providing 
at least one internal electrode In the electrolyte and applying 
voltage capable of oxidizing the fuel or reducing the oxidizer 
on the Internal electrode. 

An eighth aspect of the present Invention Is to prove a method 
of controlling a fuel cell having an electrolyte made of a proton 
conductor , a fuel electrode provided on one side of the electrolyte m 
and an oxidizer electrode provided on another side of the 
electrolyte, the method comprising a step of suppressing a 
generation of radicals In the fuel cell by providing at least 
one internal electrode In the electrolyte and applying voltage 
on the Internal electrode »n object thereof Is to provide a polymer 
solid electrolyte type fuel cell enabling the prevention of 
decrease In output of a fuel cell caused by permeation of hydrogen 
which Is a fuel of a fuel cell and oxygen as an oxidizer and the 
like through an Ion exchange membrane, damage of a cell by 
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combustion and the like, and chemical deterioration of fuel cell 
constituent materials such as an Ion exchange membrane and the 
like due to generation of radicals 

BRIEF DISCRIPTION OF THE DRAWING FIGURES 

Fig. 1 Is a schematic view of a principal portion of a fuel 
cell of the present Invention for Illustrating how the fuel cell 
operates; 

Fig. 2 is a schematic view of a principal portion of a fuel 
cell of the present Invention for Illustrating how the fuel cell 
operates; 

Fig. 3 Is a schematic view of a principal portion of a fuel 
cell of the present Invention for illustrating how the fuel cell 
operates; 

Fig. 4 Is a view showing experimental results In Embodiment 

2 of the present invention; 

Fig. 5 is a schematic view of a principal portion of a fuel 
cell of the present Invention for illustrating how the fuel cell 
operates; 

Fig. 6 is a view showing experimental results in Embodiment 

3 of the present invention; 

Fig. 7 is a view showing experimental results .In Embodiment 

4 of the present Invention; and 

Fig. 8 is a view showing another experimental results In 
Embodiment 4 of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, fuel cells embodying the present Invention will 
be described In great detail with reference to the drawings. In 
which the same reference numerals or codes are used throughout 
the different drawings to designate the same or similar components • 
For describing the principles and concepts of the present 
Invention, a fuel cell 7 Is provided or designed which has a 
structure as shown In Fig. 1, In this fuel cell 7, there Is formed 
a circuit In which a voltage application means 5 Is disposed between 
an Internal electrode 2 and a fuel electrode 3 and controlling 
the electrode potential of the Internal electrode 2 causes 
permeations of fuel and oxidizer Into their counter electrodes 
and radical* producing reaction to restrict. The Internal 
electrode 2 Is In the form of any catalyst particles alone or 
catalyst particles carried on an appropriate carrier member . The 
Internal electrode 2 Is In a sandwiched state between a pair of 
proton conductors 4 and 4 „ The Internal electrode 2 per se should 
be designed to have proton conductivity so as not to Interrupt 
Ion conduction between the proton conductors 4 and 4. h sides 
thereof Is not Insulated. For this reason, the Internal electrode 
Is required to be constituted by mixing a proton conductive material 
Into the above-mentioned catalyst particles or the liXe. As the 
voltage application means 5, say, power source connection, load 
connection, and short -circuiting are available. Though the 
following description will be made on an assumption of an open 
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circuit condition wherein the fuel cell 7 ±s out of connection 
with an external load 6, the following description can be applied 
to a closed circuit wherein the fuel cell 7 Is in connection with 
an external load 6 subject to take Into consideration of 
polarizations of the respective fuel electrode 3 and oxidizing 
electrode 1. 

First, a case of no current flowing in the internal electrode 

1 is discussed which is established by opening ox interrupting 
the electrical connection between the internal electrode 2 and 
the fuel electrode 5 with the voltage application means 5 
disconnected. In this case, the electrode potential (resting 
potential) of the Internal electrode 2 depends on concentrations 
of a fuel and an oxidizer which move into the Internal electrode 

2 after passing or permeating through the proton conductors 4. 
In a fuel cell using hydrogen and oxide respectively as a fuel 
and an oxidizer, when permeation of hydrogen is higher than 
permeation of oxygen, the resting or stationary potential of the 
Internal electrode 2 approaches, from larger side, the electrode 
potential of a fuel electrode, while when the permeation of oxygen 
Is higher than the permeation of hydrogen , the resting or stationary 
potential of the Internal electrode 2 approaches, from smaller 
side, the electrode potential of an oxidizer. Whether or not 
permeation of hydrogen Is higher than permeation of oxygen depends 
on the permeation coefficient of a proton conductor against each 
of hydrogen and oxygen and gas pressure. 
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When the stationary potential of the Internal electrode 2 
Is near the electrode potential of the fuel electrode resulting 
from that the permeation of hydrogen Is higher than the permeation 
of oxygen, the oxygen after permeating through the Internal 
electrode 2 reacts with an excess amount of hydrogen In the Internal 
electrode 2 and Is consumed* During this chemical reaction, a 
radical Is formed on the surface of the Internal electrode 2 since 
the electrode potential of the Internal electrode 2 Is low. The 
excess amount of hydrogen In the Internal electrode 2 permeates 
toward or moves Into the oxidizer electrode 1. 

When the stationary potential of the Internal electrode 2 
Is near the electrode potential of the oxidizing electrode 
resulting from that the permeation of oxygen Is higher than the 
permeation of hydrogen, the hydrogen after permeating through 
the Internal electrode 2 reacts with an excess amount of oxygen 
In the Internal electrode 2 and Is consumed. At this stage, the 
resultant potential restricts a radical formation Is restricted. 
However, the excess amount of hydrogen permeates toward or moves 
Into the fuel cell 3 to reacts with the hydrogen. During this 
chemical reaction, a radical Is formed on the surface of the fuel 
cell 3 since the electrode potential of the fuel cell 3 Is low. . 

A case will be discussed wherein the voltage application means 
5 Is connected In the circuit shown In Fig. 1. When the stationary 
potential of the Internal electrode 2 Is near the electrode 
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potential of the fuel electrode 3 due to higher permeation of 
hydrogen than that of oxygen, the voltage application means 5 
is used as a power source to apply an electric voltage to the 
Internal electrode 2 which Is measured such that the voltage of 
the fuel electrode 3 is used as a reference voltage and which 
is higher than the voltage (resting or statistic potential) of 
the internal electrode 2 relative to the fuel electrode 3. This 
results In polarization in the Internal electrode 2, which causes 
an oxidizing current to flow therethrough, thereby to shift 
electrode potential of the Internal electrode 2 In positive 
direction to increase. As a result, production of radicals is 
restricted or suppressed during a chemical reaction of hydrogen 
and oxygen in the internal electrode 2* An excessive amount of 
hydrogen in the Internal electrode 2 is brought into oxidization 
in the Internal electrode 2, thereby to suppress or restrict 
movement of hydrogen to the oxidizing electrode 1. The voltage 
applied to the internal electrode 2 can be increased to as high 
as possible so long as no oxidation of water can be found in the 
internal electrode. 

If the stationary potential of the Internal electrode 2 is 
near the electrode potential of the oxidizer electrode 1 due to 
the fact that the permeation of oxygen is higher than the permeation 
of hydrogen 1, connecting a load as the voltage application means 
5 in the circuit shown in Flg.l causes a reducing current to flow 
through the Internal electrode 2 and oxygen present excessively 
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Is reduced. Therefore , permeation of the excessive amount of oxygen 
toward the fuel electrode 3 Is made to react with hydrogen to 
restrict or suppress an occurrence of radical producing reaction. 
At this stage, the electrode potential of the Internal electrode 
2 shifts toward In the negative direction to decrease, thereby 
to decrease the voltage of the Internal electrode 2 relative to 
the voltage of the fuel electrode 3 ♦ The load should be adjusted 
to an extent not to produce a radial due to the fact that too 
much or excessive decrease of the electrode potential of the 
Internal electrode 2 may promote an occurrence of radicals In 
the Internal electrode 2. Alternatively, It Is possible to apply 
a voltage lower than the stationary potential to the Internal 
electrode 2, which Is measured such that the voltage of the fuel 
electrode 3 Is used a reference voltage, when the voltage 
application means 5 Is used as a constant potential apparatus 
(pbtentlostat ) . Further, It may be possible to connect the Internal 
electrode 2 and the fuel electrode 3 In direct mode by using the 
voltage application means 5 as a short-circuiting device. Due 
to the fact that such a connection or wiring Is equivalent to 
apply a voltage of substantially zero volts between the Internal 
electrode 2 and the fuel electrode 3, the Internal electrode 2 
becomes Identical substantially with the fuel electrode 3 In 
electrode potential, which causes a reducing to flown In or pass 
through the Internal electrode 2 , thereby reducing the excessively 
existing oxygen. However, such a wiring or arrangement Is Improper 
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or not preferable. The reason Is that there may be a possibility 
of a production radical which results from making the Internal 
electrode 2 Identical substantially with the fuel electrode 3 
In electrode potential* 

Next, an explain Is made as to why a control can be achieved, 
which Is similar to the control In the circuit shown In Fig.l. 
when a circuit Is constituted as shown In Fig. 2 wherein a voltage 
application means 5 Is Interposed between an Internal electrode 
2 and an oxidizer electrode 1 to control or adjust an electrode 
potential of the Internal electrode 2* 

When the stationary potential of the Internal electrode 2 
is near the electrode potential of the fuel electrode 3 due to 
higher permeation of hydrogen than that of oxygen, the voltage 
application means 5 Is used as a load, which causes an oxidizing 
current to flow In the internal electrode 2, resulting In 
oxidization of an excess amount of hydrogen and increasing the 
electrode potential of the internal electrode 2, thereby 
restricting a production of radical. Such oxidization restricts 
hydrogen movement to the oxidizing electrode 1* Instead, the 
voltage application means 5 is capable of being in the form of 
a conductive member (short-cutting the circuit). The connection 
with the conductive member , the electrode potential of the Internal 
electrode becomes higher, which results In restriction of a 
production of radical . In addition, similar effect can be obtained 
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when the voltage application mean 5 Is made to operate as a power 
source from which a voltage Is applied to the Internal electrode 
2 which Is measured such that the voltage of the oxidizing electrode 
1 Is used a reference voltage and which Is higher than a voltage 
(stationary potential) relative to the oxidizing electrode 1. 

When the stationary potential of the Internal electrode 2 
Is near the electrode potential of the oxidizer electrode 1 due 
to higher permeation of oxygen than permeation of hydrogen, using 
a power source as the voltage application means 5 makes It possible 
to apply a voltage to the Internal electrode 2 which Is lower 
than the stationary potential and which Is measured such that 
the voltage of the oxidizing electrode 1 Is used a reference voltage . 
Thus, a reducing current flows In the Internal, electrode 2, 
resulting In reduction of the excess amount of oxygen, which 
permeation of the oxygen toward the fuel electrode 3 Is restricted. 
The voltage Is adjusted so as not to occurrence of lowering the 
electrode potential which may follow a production of radical. 

Further, a plurality of Internal electrodes can be placed 
In a fuel cell . For example , as shown In Fig . 3 , there Is Illustrated 
a fuel cell 7 which has three proton conductors 4, two Internal 
electrodes 2 each of which la Interposed between two adjacent 
proton conductors 4, and a pair of voltage application devices 
5 and 5 for controlling the electrode potential of Internal 
electrodes 2 and 2, respectively. The design concept Is that 
controlling the electrode potential of each of the Internal 
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electrodes 2 makes It possible to flow one of oxidizing current 
and reducing current therein. In the illustrated state, the 
Internal electrodes 2 are arranged in thickness- direction spaced 
two layers. One of the voltage application devices 5 and 5 is 
Interposed between the fuel electrodes 3 and one of the Internal 
electrodes 2 for controlling an electrode potential thereof , while 
the other of the voltage application devices 5 and 5 is interposed 
between the oxidizing electrodes 1 and the other the Internal 
electrodes 2 for controlling an electrode potential thereof. 

Namely, the Internal electrode 2 near the fuel electrode 3 
is controlled to have electrode potential capable of oxidizing 
a fuel such as hydrogen or the like, while the internal electrode 
2 near the oxidizer electrode 1 is controlled to have electrode 
potential capable of reducing an oxidizer such as oxygen or the 
like. In brief, in the fuel cell 7 shown in Fig. 3 the electrode 
potential control made in easy way makes it possible to control 
the permeations of the respective fuel and oxidizer through each 
of the proton conductors irrespective of the amounts fuel and 
oxidizer permeating in the proton conductor 4 and ratio 
therebetween • 

The amounts of a fuel and an oxidizer permeating in the proton 
conductor and ratio therebetween vary depending on the position 
in the fuel cell. Namely, sometimes even properly designed or 
rated electrode potential of the internal electrode may also vary 
depending on the extending direction of the proton conductor. 
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Therefore , internal electrodes can also be arranged along the 
direction of scattering of the proton conductor Instead of the 
arrangement of Internal electrodes along the thickness direction 
of the proton conductor 4 In the fuel cell 7 as shown in Fig. 
3. 

Here, the present invention Is not limited to the structures 
shown in Figs. 1 to 3 inclusive, and it is apparent from the 
above-mentioned descriptions that the present invention Includes 
various constitutions other than this having Internal electrodes 
in an electrolyte. 

Embodiment 1 

Carbon paper having a thickness of 180 |im (diameter t 36.5 mm) 
was Immersed in a 20% PTFE dispersion solution to allow the solution 
to impregnate, and the paper was dried, then, calcinated at about 
400°C to give water repel lenoy * On one surface of the resultant 
carbon paper, ethylene- glycol- pasted carbon black was screen 
printed to form a layer. The resulting member was dried with air 
and then was dried in vacuum at about 14 0°C for 5 hours . Thereafter , 
the resulting carbon black layer was subjected to water-repellent 
treatment similar to the above -described water-repellent 
treatment of the carbon paper. 

The resulting carbon paper was applied thereon with a platinum 
catalyst past, with an applicator (not shown) , to form a catalyst 
layer having a thickness of 300 Jim and then is dried in vacuum 
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at 80°C for 2 hours to produce an electrode with catalyst layer. 
The platinum catalyst past was prepared such that a 
platinum -carrying carbon catalyst (platinum carrying amounts 40 
wt%), a polymer solid electrolyte membrane solution (Naphyon 
solution) and a small amount of lsopropyl alcohol as a dispersion 
solvent were mixed to knead. 

Styrene was graft -polymerized by radiation Into an ETFE base 
film having a thickness of 25 |im and sulfonated by ohlorsulfate 
to produce a polymer solid electrolyte membrane having a thickness 
of about 35 jim. Thus produced polymer solid electrolyte membrane 
was cut Into two membranes of the same size (about $60 nun), and 
the resulting membranes were dried in air. The platinum catalyst 
paste prepared previously was taken in amount necessary for 
application of the platinum catalyst and was spray- applied on 
one surface of one of the membranes* The resulting membrane was 
dried in air and then were dried in vacuum at 80°C for 2 hours. 

This membrane and the other membrane cut into the same size 
were immersed into water to give hydrate condition. The resulting 
membranes are arranged in side-by- side fashion such that the 
above-mentioned their platinum catalyst paste applied surfaces 
were opposed to each other. Between these platinum catalyst paste 
applied surfaces , there Is sandwiched a lattice having a lattice 
spacing of about 6 mm and formed of platinum extremely fine wires 
(wire diameter: 20 |im) • The resulting membranes were provided 
on their outer sides with the above-mentioned catalyst -layered 
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electrodes and were united or formed Into one unit by hot press 
(160°C, 7 . 845 MPa (80 kg/cm a ) ) . thereby to produce a membrane (with 
Internal platinum catalyst layer) /electrode connected body 
(hereinafter, abbreviated as "MKA containing Internal electrode" ) • 
In the membrane In this MKA containing Internal electrode, the 
platinum catalyst layer and platinum extreme fine wires placed 
In the form of lattice correspond to the Internal electrode In 
the present Invention . The platinum extreme fine lines constitute 
a collector performing electrical connection for applying voltage 
to the Internal electrode. 

This Internal electrode provided MKA was f ixedly sandwiched 
between a pair of small sized portable collectors which are prepared 
for test evaluation and which have an Inner gas flow channel. 
An experimental circuit as shown In Fig. 1 was constituted In which 
a potentiostat 5 was connected as a voltage application device 
between the anode (fuel electrode) 3 and the Internal electrode 
2. However, in this experiment , the fuel cell was experimented 
In an open-circuit condition without connecting the outer load 
6. 

Hy dr ogen and oxygen were, after being passed through their 
own gas bubblers (kept at about 30°C) containing pure water to 
be humidified, were supplied to the anode 3 and the cathode 
(oxidizer electrode) 1, respectively, at a rate of 100 mL per 
minute for a time duration of 20 minutes or more to establish 
gas replacement In the gas piping arrangement and the fuel cell 
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body. Then, gas valves of inlets and outlets for respective gases 
In the fuel cell were closed, to seal about 1 liter of each gas 
(volume Including the content volume of the fuel cell and appended 
gas piping portions and the like ) at 2 atm and the cell temperature 
was kept at 80°C. Further, with the potentlostat 5 the electrode 
potential of the Internal electrode 2 was controlled to +0.8 V 
which was measured such that the voltage of the anode (fuel 
electrode) 3 Is used as a reference voltage, and the gas sealed 
(no load) condition was being kept for a time duration of 15 hours. 
Another experiment using the same rated or specified MEA with 
Internal electrode was conducted which Is similar to the above 
experiment except that the electrode potential of the Internal 
electrode 2 was not controlled. The results were compared with 
those of the above-mentioned or potential controlled. 

When changes In cell voltage In the experiments of gas sealing 
were compared, cell voltage decreases with time In the case of 
no potential control of the Internal electrode 2 while In the 
case of potential control, constant voltage which was 
approximately the same as the Initial voltage was maintained until 
completion of the experiment* 

After the experiments, the gas was leaked and MEA was removed 
out from each experiment cell, and the catalyst layer adhered 
to the electrode and polymer electrolyte membrane was removed 
to obtain a membrane single body, and this was Immersed Into 1 
N KOH for deleting the Influence of water contained In the membrane 
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and dried, and subjected to Infrared spectral analysis . As aresult , 
In the experiment conducting no potential control, there was no 
change In the height of an Infrared absorption peak (wave numbers 
2980 cm" 1 ) regarding C-H elongation vibration of ETFE which was 
a base film of the membrane, by this, It was judged that the base 
film had no deterioration, however, there was observed apparent 
decrease In the heights of a peak (wave number: 2930 cm" 1 ) regarding 
C-H elongation vibration of a benzene ring of styrene (graft chain) 
and of a peak (wave numbers 1410 cm' 1 ) regarding C-C elongation 
vibration of a benzene ring, teaching that the membrane was 
oxidation-decomposed and that grafted styrene fell - Xn contrast , 
In the case of the experiment of potential control, heights of 
these peaks did not change from those before the experiments, 
recognizing no membrane deterioration. 

These results are explained as described below* An oxygen 
gas which would shift to the fuel electrode side Is consumed by 
reacting with an excess hydrogen gas at the Internal electrode, 
and reaching of the oxygen gas to the fuel electrode side Is 
suppressed. On the other hand, an excess hydrogen gas not reacted 
with oxygen Is oxidized In the Internal electrode, and reaching 
to the oxidizer electrode side Is suppressed. As a result, 
membrane deterioration and decrease In cell voltage (open-clroult 
voltage ) by mixing of a hydrogen gas and an oxygen gas are suppressed - 
By controlling the potential of the Internal electrode to positive 
value, generation of radicals at the Internal electrode Is 
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suppressed, and membrane deterioration Is prevented. 
Embodiment 2 

A goa select membrane (manufactured by Japan Goat ex, 
thickness: 30 |xm) was cut Into same sized membranes (diameter: 
about 60 mm) and the resulting membranes were dried In air. A 
predetermined amount of platinum catalyst paste was prepared which 
had been produced by a method similar to that in the embodiment 
and was sprayed on one surface of one of the membranes to apply. 
Hereinafter, the resulting or spray- applied layer Is called 
"internal electrode" . This membrane was dried in air and then 
was vacuum-dried at 80°C for 2 hours or more . As comparison species , 
two Goa select membranes having the same specification (thickness : 
30 |im) as the above were prepared. A polymer solid electrolyte 
membrane solution (Naphyon solution) was sprayed one surface of 
one of the comparison piece membranes to apply such that the amount 
of the polymer solid electrolyte membrane solution is as same 
as the amount of the platinum catalyst paste. The resultant 
comparison piece was, then, dried in brown air and was dried in 
vacuum at a temperature of 80°C for a time duration of 2 hours. 

The above-mentioned platinum catalyst paste -applied membrane 
and another membrane on which no material had been applied were 
Immersed Into water for being made hydrous, a platinum mesh 
(thickness: 20 |im) as a collector was sandwiched between the two 
polymer electrolyte membranes such that the above-mentioned 
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platinum catalyst paste-applied surface faced Inside. Further, 
Electrodes produced In the same manner as In the case of the 
embodiment 1 were placed on Its outer sides (both surfaces) , and 
were Integrated by hot press (160°C, 7*845 MPa (80 kg/cm 2 )) to 
produce a membrane (with Internal electrode) /electrode connecting 
body (hereinafter, abbreviated as "MBA containing Internal 
electrode" ) . 

For comparison, the above-mentioned comparison test membrane 
on which only the polymer electrolyte membrane solution had been 
applied and the other comparison test membrane on which no material 
had been applied were Integrated by similar hot press to produce 
MEA connecting two membranes without providing therebetween an 
Internal electrode. Hereinafter, thus prepared member Is 
referred to simply as "comparative MBA". 

The resultant comparative MEA was Inserted Into the portable 
fuel cell for evaluation In the same manner as In the embodiment 
1, and an experimental circuit as shown In Fig. 1 was constituted 
In which a potentlostat 5 was connected between the fuel electrode 
3 and the Internal electrode 2. A nitrogen gas passed through 
a gas bubbler (kept at 80°C) containing pure water was flown at 
a flow rate of 200 mL per minute to the fuel electrode 3 side 
of the fuel cell using MEA containing an Internal electrode for 
20 minutes or more, to perform substitution of gasses at the fuel 
electrode 3 side of the fuel cell and gas piping portions. An 
electrolytic current of 3 A was passed through a vessel for 
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electrolysis of water to generate a hydrogen gas and an oxygen 
gas, and both gases were passed through a gas bubbler (kept at 
80°C both at hydrogen side and oxygen side) containing pure water 
to give moistened gasses which were Introduced Into a fuel cell 
Kept at 80°C. The electrode potential of the Internal electrode 
2 was controlled to +0.8 V, with the potentlostat 5, relative 
to the electrode potential of the fuel electrode 3, and a cycle 
operation test was conducted Including repetition of a load 
operation (load current density: 0.1 A/cm 3 ) for 1 minute and a 
non-load operation (open-circuit voltage operation) for 3 minutes . 
In this case, an oxidizing current of about 2 mA was observed 
constantly in the internal electrode 2. Separately, a cycle 
operation test was conducted at the same conditions except that 
the electrode potential was not controlled for the comparative 
MBA, and Its cell behavior and other behaviors were compared to 
those of the MEA containing internal electrode. 

The results of the cycle operation test are shown In Fig. 
4. When that represented by plot 10 is MEA containing an Internal 
electrode, that represented by plot 20 shows cell voltage 
(open-circuit voltage) of each cycle of comparative MEA. In case 
of using the MEA containing Internal electrode, a cell voltage 
(open-circuit voltage) of about 1 V was maintained from initiation 
of cycle operation to even after 250 hours. 

In contrast, in the case of using the comparative MEA, the 
cell voltage (open-circuit voltage) begun to drop when about 100 
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hours had passed after Initiation of operation, and at a tine 
lapse of 230 hours from the Initiation of the operation the drop 
and fluctuation of the cell voltage (open- circuit voltage) became 
drastic. Thus, the condition was found not to be allowable to 
continue the operation, resulting In the operation termination. 
Thereafter, when the comparative MEA was removed from the fuel 
cell to examine. It was found that a portion of the membrane had 
been discolored to white and the white -discolored portion was 
formed therein a hole. In contrast, the MBA containing Internal 
electrode was found to be free from both discolored portion and 
hole. 

The above-mentioned potential control of the Internal 
electrode (platinum catalyst layer electrode) of the MEA 
containing Internal electrode restricts the hydrogen permeation 
through the oxidizer electrode (oxygen electrode side) , In either 
of load connected operation mode and open-circuit voltage mode, 
to, results In the effects in cell voltage (open-circuit voltage) 
stability and membrane deterioration restriction that are 
described In the latest paragraph, which makes a remarkable 
difference in durability between both the MEAs. 

Embodiment 3 

An Internal electrode containing MEA was produced using the 
same method and the same materials as In the embodiment 1, to 
constitute a fuel cell. However, In this experiment, the 
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experiment was conducted Kith an open-circuit without connecting 
an outer load 6. A nitrogen gas passed through a gas bubbler 
(kept at 80°C) containing pure water was flown at a flow rate 
of 200 mL per minute to the fuel electrode 3 side of the fuel 
cell for 20 minutes or more, to perform substitution of gasses 
at the fuel electrode 3 side of the fuel cell and gas piping portions . 
Then, hydrogen and oxygen passed through a gas bubbler (kept at 
30°C) containing pure water dedicated for each gas to be moistened 
was flown at a flow rate of 100 mL per minute to and the fuel 
electrode 3 side the oxidizer electrode 1 side respectively, for 
20 minutes or more, to perform substitution of gasses in gas piping 
and fuel cell body. Then, gas valves of inlets and outlets for 
respective gases In the fuel cell were closed, to give a condition 
sealing about 1 liter of each gas (volume including the content 
volume of the fuel cell and appended gas piping portions and the 
like) at 2 atm, the fuel cell temperature was kept at 80*C. The 
electrode potential of the Internal electrode against the 
electrode potential of the fuel electrode 3 was about 0.1 V. 

Next, the oxidizer electrode 1 and the internal electrode 
2 were connected via a conductive wire (voltage application means 
5) which Is a conductive means to flow oxidizing current through 
the internal electrode 2. At this time, the electrode potential 
of the Internal electrode 2 can be regarded as the almost same 
as the electrode potential of the oxidizer electrode 1. This 
condition was being left for a time duration of about 16 hours. 
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The results are shown In Fig, 6. The cell voltage of the fuel 
cell Is represented by plot 30, the oxidizing current of the 
Internal electrode Is represented by plot 40, and the cell 
resistance of the fuel cell Is represented by plot 50. Decrease 
In the cell resistance Immediately after Initiation of the 
experiment and Increase In the oxidizing current of the Internal 
electrode 2 are believed to be caused by a fact that a proton 
and oxygen reacted on the Internal electrode 2 and the oxidizer 
electrode 1 to produce water, and by this water, the membrane 
was moistened and the resistance decreased, and at the same time, 
the amount of a gas permeating through the membrane Increased. 
Thereafter, the cell voltage of the fuel cell was about 0.9 V 
and the oxidizing current of the Internal electrode 2 showed a 
constant value of about 9 mA. 

After the experiment, the Internal electrode containing MEA 
was removed from the fuel cell, and the catalyst layer adhered 
to the electrode and polymer electrolyte membrane were removed 
to make the membrane In a single mode, and the resulting membrane 
was subjected to Infrared spectral analysis. As a result, no 
membrane deterioration was confirmed. 

This shows that results similar to those of Embodiment 1 were 
obtained resulting from oxidizing current flow through the 
Internal electrode 2 upon connection , by way of conductive means , 
between the Internal electrode 2 and the oxidizer electrode 1 . 
Namely, It was found that the same effect as that of a voltage 
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application means such as a potentlostat and the like Is obtained 
even with a passive means such as a short circuit obtained by 
connecting the internal electrode 2 to the oxidizer electrode 
1 or the fuel electrode 3 via a conductive means. 

Embodiment 4 

A fuel cell as shown In Fig. 1 was produced using an Internal 
electrode containing MBA produced In the same manner as in the 
embodiment 2. However, In this experiment, the experiment was 
conducted with an open-circuit without the outer load 6. 

A nitrogen gas, after passing passed through a gas bubbler 
(kept at 80°C) containing pure water, was flown at a flow rate 
of 200 mL per minute to the fuel electrode 3 side of the fueX 
cell for a time duration of 20 minutes or more, for gas substitution 
at the fuel electrode 3 side of the fuel cell and Its associated 
gas piping portions. Then, hydrogen and oxygen passed through 
a gas bubbler (kept at 30°C) containing pure water dedicated for 
each gas to be moistened was flown at a flow rate of 100 mL per 
minute to the fuel electrode 3 side and the oxidizer electrode 
1 side for a time duration of 20 minutes or more respectively, 
for gas substitution of in the fuel cell body and Its associated 
piping structure. 

The potentlostat 5 as a voltage application means was used 
to control the electrode potential of the Internal electrode 2 
relative to the fuel electrode . The amount of hydrogen permeating 
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to the oxidizer electrode 1 side was measured with gas 
chromatography while changing the electrode potential of the 
Internal electrode. Current flowing through the Internal 
electrode 2 was measured. Further, the amount of permeating 
hydrogen and current flowing through the Internal electrode were 
measured In the same manner, also when the gas flown to the oxidizer 
electrode 1 was changed from pure oxygen to air. 

The results are shown in Fig. 7 (correlation of the electrode 
potential of the internal electrode vs. the fuel electrode and 
the amount of hydrogen permeating through the proton conductor) 
and Fig. 8 (correlation of the electrode potential of the Internal 
electrode vs. the fuel electrode and current flowing through the 
internal electrode) . Plots 60 and 80 represent the case using 
pure oxygen and plots 70 and 90 represent the case using pure 
air. From Fig. 7, it was clarified that when the electrode 
potential of the Internal electrode 2 is controlled to the same 
value, the amount of hydrogen permeating to the oxidizer electrode 
1 side is smaller in the case of use of pure oxygen than in the 
case of using air. The reason for this is believed that the oxygen 
partial pressure Is higher In the case of pure oxygen as compared 
with the case of air, and larger amount of oxygen Is consumed 
by reacting with hydrogen permeating through the proton conductor 
4, therefore, the amount of hydrogen permeating to the oxidizer 
electrode 1 side decreases. From Fig. 8, it was clarified that 
a larger amount of current flows through the internal electrode 
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In the case of use of air at the oxidizer electrode 1 side. The 
reason for this may be that the amount of the flowing hydrogen 
depends on the remaining or unoonsumed amount of the hydrogen 
after the reaction thereof with the permeating oxygen. Namely, 
when air Is used. It Is necessary to further Increase the electrode 
potential of the Internal electrode 2, for attaining suppression 
of the amount of permeating hydrogen equivalent to that In the 
case of pure oxygen. 

Namely , the suitable value of the voltage applied to the 
Internal electrode varies with factors: fuel cell operation 
conditions (kinds of fuel and oxidizer, applied pressure. Internal 
electrode containing MEA structure), and the designed or rated 
amount of permeating hydrogen. In this embodiment, when pure 
oxygen Is used as an oxidizer, the amount of permeating hydrogen 
can be made approximately zeros by controlling the electrode 
potential of the Internal electrode 2 to +0.6 V relative the fuel 
electrode 3. 

Although the preferred embodiments of the present Invention 
have been disclosed for Illustrative purposes, those skilled In 
the art will appreciate that various modifications, additions 
and substitutions are possible, without departing from the scope 
and spirit of the Invention as disclosed In the accompanying claims . 
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